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The Buchwalter et al. ET&C Focus article [1] is a very timely piece given the review of the method 17 
used by the USEPA to derive water quality criteria (WQC; [2]), and also because of the ongoing push 18 
for increased international harmonization of derivation methods for WQC (and their analogues in 19 
other jurisdictions) (e.g. [3, 4, 5]). Buchwalter et al. [1] provide a cogent argument not only for the 20 
expansion of the definition of data that are acceptable to derive WQC, but also for a more holistic 21 
paradigm to deriving WQC.   22 
While there are distinct differences between the definitions of WQC, guideline values (GVs), and 23 
environmental quality standards (EQSs), for simplicity we will refer to them collectively as 24 
benchmarks, except when citing specific examples.    25 
Buchwalter et al. [1] propose a new paradigm “whereby all relevant knowledge (from both lab and 26 
field) is brought to bear to reduce uncertainty as to whether criteria meet the stated goal of 27 
protecting aquatic ecosystems.” We concur that a weight of evidence approach to the derivation of 28 
benchmarks is the ideal and most rigorous approach, however, we feel that there are some 29 
additional considerations to add to the debate. These are discussed below.  30 
The central tenets of our response are: (i) while the focus of Buchwalter et al. [1] is on the US 31 
regulatory process, a number of their suggestions have already been adopted in other jurisdictions; 32 
and (ii) while we support most of their recommendations, we believe that it is crucial to achieve the 33 
right balance between a goal of ever-increasingly accurate benchmarks for a very limited number of 34 
chemicals (e.g., the USA has WQC for approximately 40 chemicals) and having less accurate default 35 
benchmarks for far more chemicals (e.g., Australia and New Zealand have GVs for over 300 36 
chemicals). Having benchmarks for a large number of relevant chemicals together with a robust 37 
system that incorporates the types of recommendations made by Buchwalter et al. [1], is needed to 38 
accurately assess water quality in a site-specific or regional context.   39 
Buchwalter et al. [1] recommend that data for more types of organisms be used, but they do not 40 
explain how this should be achieved. Rather, they state that the examples they provided “should 41 
compel USEPA to broaden the coverage of various faunal groups in toxicity assessments used in WQC 42 
development”. We also support the call for an expansion of the types of organisms used to derive 43 
benchmarks, but do not support the expansion of a prescribed list of organism types, for two key 44 
reasons: (i) species’ sensitivities will differ between chemicals due to many factors including species’ 45 
life histories and traits as well as physico-chemical properties and mode of action of chemicals, making 46 
it almost impossible to prescribe an adequate coverage of faunal groups, and (ii) species sensitivity 47 
distribution (SSD) and genus sensitivity distribution (GSD) methods are statistical methods and, as 48 
such, assume that the organisms used are a random selection of all species in the environment being 49 
protected [e.g., 6, 7, 8]. While it is clear that the species used in ecotoxicity tests are not a random 50 
subset of species (but rather have been selected for pragmatic reasons including that they can be 51 
maintained and bred in the laboratory, have relatively short life cycles, etc.) prescribing the types of 52 
organisms that must be represented further invalidates this assumption. The same effect of increasing 53 
the number of organism types can be achieved by setting higher minimum data requirements with 54 
some degree of prescription (e.g., the EU minimum data requirements are for 10 species that belong 55 
to eight taxonomic groups and a list of taxa that “would normally need to be represented” [9] or simply 56 
specifying the minimum number of species and taxonomic groups with no specific taxa required [e.g., 57 
10, 11]. Moreover, it would be beneficial for those generating toxicity data, to select species based on 58 
a conceptual understanding of the chemical's properties, mode of action and likely organism 59 
susceptibilities, rather than just the standard toxicity testing species used by commercial and many 60 
research laboratories. While doing this, the aim of using data from as many species as possible from 61 
the most diverse range of organism types should still be the goal.  62 
In proposing their paradigm, Buchwalter et al. [1] espouse the benefits of using field and/or 63 
mesocosm data. Both Australia and New Zealand and the EU have long permitted the use of 64 
micro/mesocosm data and field data to derive benchmarks [10, 12], provided that the resulting data 65 
meet certain quality criteria. Unfortunately, there are often insufficient such data of adequate quality 66 
to derive benchmark concentrations using only these data. Australia and New Zealand permit such 67 
data to be combined with laboratory-based chronic ecotoxicity data to derive GVs [10, 11) using the 68 
same method as for laboratory data [11]. As Buchwalter et al. [1] recognise, field data can suffer 69 
from confounding and other issues, which make simple cause and effect relationships difficult to 70 
elucidate. While they identify some ways of dealing with such issues, it is worth noting that there are 71 
other existing and emerging techniques borrowed from other biological disciplines that can be used 72 
for determining causality of, and benchmarks for, chemical impacts to single or multiple species 73 
measured in the field. A number of these approaches have been described by van Dam et al. [13] and 74 
Chariton et al. [14], but more effort is needed to explore their potential and document them as 75 
formal tools for field-based WQC derivation.  76 
Buchwalter et al. [1] also recommend that dietary exposures to chemicals be routinely included in 77 
toxicity tests and the resulting data used in WQC derivation. They suggest that “it would be good 78 
scientific practice to pre-equilibrate the food at various exposure concentrations…thereby more 79 
closely reflecting exposures in nature”. Adopting this recommendation will increase the number of 80 
potential exposure pathways being considered, but pre-equilibration is not always relevant for highly 81 
hydrophilic chemicals or cases where the exposure is as a short pulse. More importantly, this practice 82 
could lead to unnaturally high doses of chemicals being ingested due to the very high food loading 83 
rates used in many toxicity tests. For example, chronic tests with Ceriodaphnia and copepods often 84 
use algal cell densities that are orders of magnitude greater than that to which biota would be 85 
exposed in the field. Clearly, some thought must be given to how environmentally realistic dietary 86 
exposures could be incorporated in benchmark derivation. Nevertheless, we agree that the current 87 
inability to include trophic exposure pathways in benchmark derivation means that benchmarks for 88 
some chemicals will overestimate the “safe” concentration. This limitation of current toxicity data 89 
occurred with the recent derivation of (draft) GVs for perfluorooctane sulfonate (PFOS) and 90 
perfluorooctanoic acid (PFOA) in Australia and New Zealand, for which trophic transfer and 91 
biomagnification are significant exposure routes. For both of these chemicals, there are very few 92 
available data from long-term multigenerational toxicity studies and therefore the GVs will need to 93 
be qualified as being potentially under-protective.  94 
Our final thoughts on Buchwalter et al. [1] focus on whether their arguments and associated 95 
recommendations would apply equally to legally enforceable WQC/EQS and non-enforceable 96 
guidelines? Australia and New Zealand promote an integrated or multiple lines of evidence approach 97 
to water quality assessment, where the GVs are not simple pass/fail numbers [10] and have no legal 98 
status. Exceedance of a GV indicates there is a moderate to high probability that adverse 99 
environmental effects will occur and triggers action – either further site-specific investigation or 100 
management action (e.g. reducing the concentration of discharged chemicals). The US criteria and EU 101 
EQSs are, more or less, pass/fail numbers and, hence, the quality and confidence in these values are 102 
of paramount importance. While the derivation of GVs in Australia and New Zealand still needs to 103 
meet minimum quality criteria, the level of confidence in the GVs need not be as high as for  104 
WQC/EQS, because the GVs are only one of multiple lines of evidence used to assess water quality. 105 
Under these circumstances, it is more beneficial to invest less effort into each default GV so that 106 
more can be derived (whilst still meeting the minimum quality standard), but ensuring that specific 107 
water quality assessments (e.g., for waste discharges) employ a multiple lines of evidence approach 108 
that includes derivation of site-specific GVs where necessary (see examples in [13, 15, 16]). In this 109 
way, the effort is allocated at, and tailored to, the relevant spatio-temporal scale of the actual issue, 110 
rather than at the high level default GV (national) scale that regardless of the investment in its 111 
derivation, is still unlikely to be able to account for important site-specific factors. In line with this, 112 
the current revision of Australian and New Zealand Guidelines for Fresh and Marine Water Quality 113 
will place an even stronger emphasis on site-specific GVs and multiple lines of evidence approaches 114 
to water quality assessment. Thus, while we support the adoption of a multiple lines of evidence 115 
approach as outlined by Buchwalter et al. [1], we believe that their arguments and 116 
recommendations, while still valid, do not necessarily apply similarly to benchmarks that have no 117 
legal basis. This may become an important discussion if international harmonisation of benchmark 118 
derivation gains further momentum.  119 
In conclusion, we support the overall approach advocated by Buchwalter et al. [1] and believe 120 
that if their approach was implemented it would certainly improve the quality and usefulness 121 
of benchmarks. We hope that the additional information provided in our response will enhance 122 
their argument while drawing attention to some limitations or points of clarification that will 123 
increase its international applicability.  124 
     125 
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